The Pennsylvania Department of Transportation, the Federal Highway Adminstration, and the U.S. Geological Survey have cooperated in a study to evaluate two methods of predicting sediment yields during highway construction. The Pennsylvania Department of Transportation uses two methods to compute the quantity of sediment discharged from an area of highway construction: the Universal Soil Loss Equation and the Younkin Sediment Prediction Equation. The purpose of this study was to compare the accuracy of the two methods using sediment discharge data collected from January 1973 to September 1974 below an area of highway construction near Harrisburg, Pa. Sediment yields, calculated using the two equations, were compared to the actual measured values, and standard errors of estimate and coefficients of correlation were calculated.
The contents of this report reflect the findings of the authors, who are responsible for the facts and the accuracy of the data presented herein. The contents do not necessarily reflect the official views or policies of the Pennsylvania Department of Transportation or the Federal Highway Administration. This report does not constitute a standard, specification, or regulation.
STUDY AREA
The study area is in the Conodoguinet Creek basin in Cumberland County, just west of Harrisburg ( fig. 1) . Rainfall, streamflow, and suspended-sediment data were collected from two small basins formed by Conodoguinet Creek tributaries 1 and 3. Tributary 1, used as a control, drains an area of 0.77 mi 2 that was unaffected by highway construction. Tributary 3 drains an area of 0.38 mi 2 , of which about 25 acres (0.04 mi 2 ) were affected by construction of Interstate 81. Streamflow, suspended-sediment concentration, and rainfall data were collected at the two drainage basins indicated in figure 1 from October 1970 to September 1974. Continuous stage data were collected by recorders at the stream gages shown on figure 1. Stages in each stream were related to stream flow on the basis of periodic current-meter measurements; daily and storm discharges were calculated from the stage records. Water samples were collected with automatic samplers as frequently as every 15 minutes during storms when concentrations changed rapidly, and analyzed for suspendedsediment concentration. After the samples had been analyzed, the suspendedsediment concentrations were plotted against time. From the suspendedsediment concentrations and discharge records, sediment loads were calculated for the storms. A recording rain gage was installed in each basin. Data were collected in the control basin, basin 1, from 1970 through 1974. In basin 3, preconstruction data were collected from 1970 through 1972, and construction data were collected from 1973 through 1974. 
SEDIMENT PREDICTION EQUATIONS
The Pennsylvania Department of Transportation uses two equations to predict sediment discharge from areas affected by highway construction. The Universal Soil Loss Equation was developed to predict soil losses from cropland (Wischmeier and Smith, 1965) and is generally expressed as:
where A = soil loss per unit area (tons per acre);
(1) R = rainfall factor, the kinetic energy of the precipitation times the maximum 30-minute intensity divided by 100 (foot-ton-inch per acre hour); K = soil-erodibility factor; L = slope-length factor; S = slope-gradient factor; C = management factor; and P = erosion-control practice factor.
Rainfall factors (/?) for individual storms are calculated from precipitation records. The soil-erodibility factor (K) is determined from tables and soil maps that are generally available. Factors for slope length and gradidient, management, and erosion-control practice are determined from the construction plans.
The Younkin Sediment Prediction Equation (Younkin, 1974) ( 2 ) where QS = Sediment discharge in tons; C2 = Soil-erodibility factor; R = Rainfall factor, the kinetic energy of the precipitation times the maximum 30-minute intensity divided by 100 (foot-ton-inch per acre hour); A = Exposed surface area (acres); D = Average depth of cuts and fills (yards), the sum of the cubic yards of embankment and excavation divided by the square yards of surface area; and P = Proximity factor, the sum of the construction area and the area between the construction area and the stream, divided by the construction area.
DATA TABULATION
Rainfall, sediment discharge, and highway construction data were tabulated for 96 storms that occurred during highway construction in basin 3 (table 1) . Rainfall values include total precipitation, maximum 30-minute precipitation, the total kinetic energy (KE), and the rainfall-erosion index (El) (Wischmeier and Smith, 1965) of the storm. The El factor is calculated by computing the kinetic energy of the precipitation (KE) in foot-ton per acre, and multiplying the results by the maximum 30-minute intensity in inches per hour. Units of El are foot-ton-inch per acre-hour. Sediment discharge from basin 3 for each storm in 1970-72 was compared to the sediment discharge from the control basin and a relation was developed. This relation had a standard error of 0.22 log units (about 50 percent) and a correlation coefficient of 0.94, and was used to calculate the normal sediment discharge from basin 3 for storms that occurred during construction . The normal sediment discharge was then subtracted from the measured discharge to determine the discharge that originated from the construction area. During construction the normal sediment discharge was about 25 percent of the total, and sediment from the construction area was about 75 percent of the total.
The drainage area of each stream was determined from topographic maps and the soil types from the general soil map of Pennsylvania. An average erodibility (£) of the soil (Wischmeier and Smith, 1965) was calculated with soil data from the Soil Conservation Service Technical Guide, "Estimating 0  0  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  5  8  12  12  16  16  16  19  19  20  20  21  21  23  24  24  24  24 2 rainfall erosion soil losses on construction sites and similarly disturbed and unvegetated areas in Pennsylvania," (U.S. Department of Agriculture, 1972) . The largest percentage of soils in the basins belong to the Berks-Weikert-Bedington association. The Berks soils represent about 50 percent of the association and have a soil erodibility (£) value of 0.17. The Weikert soils represent 15 percent and have a K value of 0.28, and the Bedington soils represent 5 percent and have a K value of 0.22. Assuming the K values of the remaining soils, which were not classified, have about the same K value, the weighted K value for the association is 0.20.
Highway construction data included the area disturbed by clearing and grubbing, the area in cuts and fills, the average depths of cuts and fills in feet, the area seeded and mulched, and the area paved. All areas were tabulated in acres (table 1) .
RESULTS OF CALCULATIONS
Soil losses from the construction area were calculated with the USLE and the following factors were used: Since the USLE calculates the soil lost instead of sediment discharged, an additional factor must be used to determine how much of the soil was tranported by the stream as sediment. This additional factor is known as the sediment-delivery ratio (DR), and is the sediment discharged during a storm divided by the soil lost during the storm.
Sediment-delivery ratios range from about 1.0 for a very small drainage basin to about 0.10 for a drainage basin larger than 10 mi 2 (Roehl, 1962) . Generally, the delivery ratio for the 0.38 mi basin drained by Conodoguinet Creek tributary 3 would be from 0.20 to 0.70. However, because of the extensive drainage system used on highway construction sites, a ratio of 1.00 was chosen for the Conodoguinet Creek tributary 3 data. Using the above factors, the USLE becomes: Using the above equation, sediment discharge from the construction area was calculated for each of the 96 storms listed in table 1. The calculated sediment discharges were then plotted against the measured values ( fig. 3) . The standard error of estimate is 0.40 (about 105 percent), and the coefficient of correlation is 0.79. About 12 percent of the error (50 percent of 25 percent) could be caused by the method of measuring sediment discharge from the construction area. Generally, as can be seen on figure 3, smaller storms produced the greatest difference between measured and calculated values.
Sediment originating from the construction area in basin 3 also was calculated using the Younkin Equation. Soils in the basin had a soil erodibility value (#) of 0.20 which was similar to the (#) value of 0.18 used by Younkin in the development of the equation. A soil-erodibility factor (C2) of 0.129 was used by Younkin and a value of 0.14 was selected for the construction area in the Conodoguinet Creek tributary 3 basin. The proximity factor (P) was 1.0 and the Younkin Equation was reduced to the following form:
Sediment discharged from basin 3 during construction of Interstate 81 was calculated using the Younkin Equation for the 96 storms (table 1) . These values were plotted against measured sediment discharges (fig. 4) . The standard error is 0.42 (about 110 percent) and the coefficient of correlation is 0.77. As with the USLE, small storms produced the greatest difference between measured and calculated values. 
SUMMARY
The Pennsylvania Department of Transportation, the Federal Highway Adminstration, and the U.S. Geological Survey have cooperated in a study to evaluate two methods of predicting sediment yields during highway construction. Sediment yields were calculated using the Universal Soil Loss and the Younkin Sediment Prediction Equations. Results were compared to the actual measured values for storms that occurred during construction of Interstate 81 in a 0.38 mi basin near Harrisburg, Pa. Standard errors and coefficients of correlation were calculated.
The Universal Soil Loss Equation was developed to predict soil losses from cropland (Wischmeier and Smith, 1965) ; the Younkin Sediment Prediction Equation (Younkin, 1974) was developed to predict sediment discharge from areas affected by highway construction by calculating the quantity of sediment eroded from the exposed surface area not affected by sediment or erosion controls.
For the Universal Soil Loss Equation, the standard error of estimate was 0.40 (about 105 percent), and the coefficient of correlation was 0.79. For the Younkin Equation, the standard error of estimate was 0.42 (about 110 percent), and the coefficient of correlation was 0.77. Generally small storms produced the greatest difference between measured and calculated values, for both equations.
